A Fuzzy Logic based Model to Predict MRR in Flashing Operation of Precision Steel Ball Manufacturing Process  by Sheth, Saurin et al.
 Procedia Materials Science  5 ( 2014 )  1837 – 1845 
Available online at www.sciencedirect.com
2211-8128 © 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).







6DXULQ 6KHWKD %KDYLQ60RGLE 'U30 *HRUJHF 3UDWLN3DWHOG
D $VVRFLDWH3URIHVVRU *+3DWHO &ROOHJHRI(QJJ	7HFKQRORJ\991DJDU$QDQG,QGLD
E 3*6WXGHQW F 3URIHVVRU0HFKDQLFDO(QJLQHHULQJ'HSDUWPHQW %90(QJLQHHULQJ&ROOHJH991DJDU$QDQG,QGLD
G $VVLWDQW3URIHVVRU0HFKDQLFDO(QJLQHHULQJ'HSDWPHQW&*3DWHO,QVWLWXWHRI7HFKQRORJ\6XUDW,QGLD
$EVWUDFW
%HDULQJEDOOVDUHVSHFLDOKLJKO\VSKHULFDODQGVPRRWK EDOOVPRVWFRPPRQO\XVHGLQ EDOOEHDULQJV $SSOLFDWLRQVRI 6WHHO EDOOVDUH
ZLGHO\ LQFULWLFDODHURQDXWLFDOEHDULQJVJXLGDQFHV\VWHPEDOOVIRUVSDFHDQGPLOLWDU\DSSOLFDWLRQVSUHFLVLRQYDOYHVDXWRPRWLYH
EHDULQJV DQG RWKHU DSSOLFDWLRQV ZKHUH KLJKHU SUHFLVLRQ 	 VPRRWKQHVV LV UHTXLUHG 7R LQYHVWLJDWH WKH HIIHFW RI YDULRXV LQSXW
SDUDPHWHUVGXULQJIODVKLQJRSHUDWLRQH[SHULPHQWV DUHSHUIRUPHG+HUH LQSXW YDULDEOHV DUH3UHVVXUHEHWZHHQWZRSODWHV1RRI
*URRYHVLQSODWHV	530RI5LQJ3ODWH (DFK IDFWRUYDULHV DWWZR OHYHOV WKHGHVLJQLV IDFWRULDOGHVLJQZKLFKUHTXLUHVUXQVWR
FRPSOHWHDOOWKHSRVVLEOHFRPELQDWLRQV+HUH055LVFRQVLGHUDVUHVSRQVH$IX]]\PRGHOLVGHYHORSHGWRSUHGLFWWKH055LQ
FRQWH[WRIWKHVHLQSXWSDUDPHWHUV )X]]\PRGHOXVHVIX]]\H[SHUWUXOHVWULDQJXODUPHPEHUVKLSIXQFWLRQDQGFHQWURLGDUHDPHWKRG
IRUGHIX]]\ILFDWLRQSURFHVVXVLQJ0$7/$%IX]]\ORJLF WRROER[ 7KHUHVXOWVKRZVPLQLPXPHUURULV DQGPD[LPXPHUURU
LV RIWKHIX]]\PRGHOLWVKRZVWKDWWKHIX]]\PRGHOFDQHIIHFWLYHO\SUHGLFWWKH055IRUGHFLGHGUDQJHRILQSXWSDUDPHWHUV








© 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014




SURFHVV LV SROLVKLQJ LQ ZKLFK WKH EDOO VXUIDFH URXJKQHVV URXQGQHVV GLPHQVLRQDO DQG JHRPHWULF DFFXUDF\ DUH
DFKLHYHG7KHPDMRUFRQFHUQRIWKHFXUUHQWVWXG\LVWRLQYHVWLJDWHWKHSHUIRUPDQFHRIWKH)ODVKLQJPDFKLQHLQWKH
LQLWLDOVWDJH)ODVKLQJLVDQLQLWLDORSHUDWLRQWRJHQHUDWHVSKHULFDOVXUIDFH RI%DOOZKLFKUHTXLUHVKLJKHUSUHVVXUHDV
FRPSDUHWRODSSLQJ 3UDWLN-3DWHO HWDO 
)LJ 3URFHVVVHTXHQFHRIVWHHOEDOOPDQXIDFWXULQJ









)LJ  D &UHRPRGHORIIODVKLQJRSHUDWLRQE 3ULQFLSOHRIEDOOIODVKLQJ
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)X]]\ORJLF
6RIWFRPSXWLQJWHFKQLTXHVDUHXVHIXOZKHQH[DFWPDWKHPDWLFDOLQIRUPDWLRQLVQRWDYDLODEOHDQGWKHVHGLIIHUIURP
FRQYHQWLRQDO FRPSXWLQJ LQ WKDW LW LV WROHUDQW RI LPSUHFLVLRQ XQFHUWDLQW\ SDUWLDO WUXWK DSSUR[LPDWLRQ DQG PHW
KHXULVWLFV)X]]\ ORJLF LV RQHRI WKH VRIW FRPSXWLQJ WHFKQLTXHV WKDW SOD\ D VLJQLILFDQW UROH LQ LQSXWRXWSXWPDWUL[
UHODWLRQVKLSPRGHOOLQJ,W)X]]\ORJLFLVSUHIHUUHGWRSUHGLFWLQJ055SHUIRUPDQFHEDVHGRQWKHLQSXWYDULDEOHVGXH







WKHGHIX]]\ILFDWLRQFRQYHUWVIX]]\SUHGLFWHGYDOXHLQWRDUHDOWLPHYDOXH &.%LVZDV HWDO 
/LWHUDWXUHUHYLHZ
&- (YDQV HW DO  UHYLHZV LPSURYLQJ SURFHVV PRGHOOLQJ PDWHULDO UHPRYDO UDWH LQ ODSSLQJ DQG SROLVKLQJ
SURFHVVHVDQG LGHQWLILHVNH\DUHDVZKHUHIXUWKHUZRUN LV UHTXLUHG7KHIRXU3URFHVVFRPSRQHQWV7KHZRUNSLHFH
)OXLG*UDQXOHDQG/DS-.DQJHWDO H[DPLQHGWZRW\SHVRI+,3HG6L1EHDULQJEDOOEODQNVZLWKGLIIHUHQW
VXUIDFH KDUGQHVV DQG IUDFWXUH WRXJKQHVV ZHUH ODSSHG XQGHU YDULRXV ORDGV VSHHGV DQG OXEULFDQWV XVLQJ D QRYHO
HFFHQWULF ODSSLQJPDFKLQHGXULQJ WKH ODSSLQJSURFHVVRI DGYDQFHG FHUDPLF UROOLQJ HOHPHQWV ,QZKLFK WKH ODSSHG
VXUIDFHVZHUHH[DPLQHGE\RSWLFDOPLFURVFRSHDQG 6(0'LIIHUHQWODSSLQJIOXLGVDIIHFWHGWKHPDWHULDOUHPRYDOUDWH
DWORZHUODSSLQJORDGVEXWWKH\KDGPXFKOHVVLQIOXHQFHRQWKHPDWHULDOUHPRYDOUDWHDWKLJKHUODSSLQJORDGV7KH










H[SHULPHQWV$VD UHVXOW IX]]\PRGHO JLYHVFORVHUYDOXHV WRH[SHULPHQWDOPHDVXUHGYDOXH WKDQUHJUHVVLRQPRGHO




 DFFXUDF\ -R\MHHW*KRVHHW DO  FRXSOHG)X]]\ ORJLFZLWK7DJXFKLPHWKRG IRU SDUDPHWHU GHVLJQ RI
SHUIRUPDQFH FKDUDFWHULVWLFV WR GHWHUPLQH RSWLPDO PDFKLQLQJ SDUDPHWHUV IRU PD[LPXP 0DWHULDO 5HPRYDO 5DWH
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7KH TXDOLW\ RI IODVKLQJ GLIIHUV IURPRSHUDWRU WR RSHUDWRU DQG WKH UHVXOWV DUH KLJKO\ LQFRQVLVWHQW 7KHPDWHULDO
UHPRYDO UDWH VXUIDFH ILQLVK DQG VSUHDG GHSHQG RQ WKH SURSHU FRQWURO RI IODVKLQJ SDUDPHWHUV VXFK DV IODVKLQJ
SUHVVXUHIODVKLQJVSHHGRIURWDWLRQ1XPEHURIJURRYHIODVKULQJPDWHULDOZHLJKWDQGVL]HDEUDVLYHVL]HDQGW\SH
ZRUN SLHFHPDWHULDO FRRODQW W\SH DQG KDUGQHVV 7R DWWDLQ WKH GHVLUHG RXWFRPHV LW LV LPSHUDWLYH WR VHOHFW SURSHU
YDOXHVIRUWKHIODVKLQJFRQWUROSDUDPHWHUV +HUH 530RIULQJSODWH1RRIJURRYHVDQGIODVKLQJSUHVVXUH DUHVHOHFWHG




)DFWRUV &RGHGIDFWRUV /RZ/HYHO +LJK/HYHO
530RI5LQJ3ODWH $ USP USP
1RRI*URRYHV %  
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&ŝŐ͘ϱ͘;ĂͿŝĂůŝŶĚŝĐĂƚŽƌ͖;ďͿDŝĐƌŽƐĐŽƉĞ͘
7R FKHFN WKH EDOO GLDPHWHU GLDO LQGLFDWRU LV XVHG ZKLFK ZDV DV VKRZQ LQ ILJ  D )LJXUH E VKRZV WKH
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PLFURVFRSH XVHG WR LQVSHFW WKH IODVKLQJ EDOOV 0DWHULDO UHPRYDO UDWH LV PHDVXUHG E\ GLDO LQGLFDWRU055 LV WKH
GLIIHUHQFH RI EDOO GLDPHWHU EHIRUH 	 DIWHU IODVKLQJ RSHUDWLRQ F\FOH RI  KU 055 LV PHDVXUHG DV PKU 0RVW
FRPPRQO\ IRXQG IODVKLQJ GHIHFWV DUH 'DPDJH 5XVW &RYHULQJ %XUQW DQG )ODVKLQJ 5RXJKQHVV 7DEOH  VKRZV
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PHPEHUVKLS IXQFWLRQV 7ULDQJXODU VKDSH RI PHPEHUVKLS IXQFWLRQV LV XVHG WR GHVFULEH WKH IX]]\ VHWV IRU RXWSXW
YDULDEOH 7ULDQJXODU PHPEHUVKLS IXQFWLRQ LV JHQHUDOO\ XVHG DQG   SRVVHVVHV JUDGXDOO\ LQFUHDVLQJ DQG GHFUHDVLQJ
FKDUDFWHULVWLFV ZLWK RQO\ RQH GHILQLWH YDOXH )LJXUH  D E DQG F VKRZV PHPEHUVKLS IXQFWLRQV IRU LQSXW









UHVSRQVH ZKLFK LV 055 LQ IODVKLQJ RSHUDWLRQ ZHUH UHIHUUHG WR FRQVWUXFW WKH UXOHV $ VHW RI  UXOHV KDYH EHHQ






DFFXUDF\ RI WKH PRGHO ,Q WKLV PRGHO FHQWURLG RI DUHD &2$ GHIX]]\ILFDWLRQ PHWKRG LV XVHG GXH WR LWV ZLGH
DFFHSWDQFHDQGFDSDELOLW\ LQJLYLQJPRUHDFFXUDWH UHVXOWFRPSDUHG WRRWKHUPHWKRGV $KPHG$'6DUKDQHWDO
 )LJXUH DEDQGFVKRZVIX]]\VXUIDFHVEHWZHHQWKHSUHVVXUHQRRIJURRYHVUSPRIULQJSODWHDQG
055






&RQVWUXFWLQJ WKH IX]]\ UXOHV WKH SURSRVHG IX]]\ PRGHO LV XVHG WR SUHGLFW WKH 055 DW HDFK WUHDWPHQW
FRPELQDWLRQWRLQYHVWLJDWHWKHIX]]\PRGHODFFXUDF\DQGHUURU DVVKRZQLQILJ DQGWDEOH7KHLQGLYLGXDOHUURU
SHUFHQWDJH LVREWDLQHGE\GLYLGLQJ WKHDEVROXWHGLIIHUHQFHRI WKHSUHGLFWHGDQGPHDVXUHGYDOXHVE\ WKHPHDVXUHG
YDOXH )LJXUHVKRZVWKHFRPSDULVRQVEHWZHHQWKHPHDVXUHG055DQG3UHGLFWHG055
)LJ 3UHGLFWHG055YDOXH
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7DEOH$FFXUDF\DQGHUURUIRUIX]]\ORJLFPRGHOSUHGLFWLRQ
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WKDW WKH GHYHORSHG IX]]\ PRGHO PD\ EH XVHG WR SUHGLFW 055 YDOXH LQ IODVKLQJ RSHUDWLRQ 6LQFH WKH PLQLPXP
DFFXUDF\ LV  WKHPRGHO FDQ EH LPSURYHG E\ SHUIRUPLQJPRUH QXPEHU RI H[SHULPHQWV RU E\ LQFRUSRUDWLQJ
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